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(54) NONAQUEOUS SYSTEM ELECTROLYTE SOLUTION AND NONAQUEOUS 
SYSTEM ELECTROLYTE SOLUTION SECONDARY BATTERY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
lithium secondary battery having improved 
safety when overcharged and capable of 
suppressing battery performance degradation 
after high temperature preservation, and a 
nonaqueous system electrolyte solution from 
which the lithium secondary battery can be 
( £ } obtained. 

SOLUTION: The nonaqueous system 
electrolyte solution secondary battery 
^6 comprises negative and positive electrodes 

capable of storing and releasing lithium and a 
nonaqueous system electrolyte solution 
including a solute and organic solvent, wherein 
the organic solvent contains a sulfone compound of general formula (1) as shown 
below and an aromatic compound of general formula (2) with a molecular weight equal 
to or less than 500. 





CLAIMS 



[Claim(s)] 



[Claim 1]In a nonaqueous electrolytic solution secondary battery provided with a 
nonaqueous electolyte which consists lithium of occlusion, a negative electrode which 
can be emitted and an anode, a soiute, and an organic system solvent, A nonaqueous 
electrolytic solution secondary battery containing with a molecular weight of 500 or 
less expressed with sulfone compounds expressed with a following general formula (1) 
in the above-mentioned organic system solvent, and a following general formula (2) 
aromatic compounds. 
[Formula 1] 



(Among a formula, R, and R 2 are the aryl groups which may be replaced with the alkyl 
group, alkyl group, or halogen atom which may be independently replaced with the aryl 
group or the halogen atom, respectively, and) R, and R 2 may form the cyclic structure 
which may combine with each other and may include the unsaturated bond. 
[Formula 2] 



(R 3 - R s are a hydrogen atom, a halogen atom, a chain alkyl group of the carbon 
numbers 1-12, a cycloalkyl group of the carbon numbers 5-12, an aryl group of the 
carbon numbers 6-12, or an aryl cycloalkyl group of the carbon numbers 11-14 
independently among a formula, respectively.) 

[Claim 2]In a nonaqueous electrolytic solution secondary battery provided with a 
nonaqueous electolyte which consists lithium of occlusion, a negative electrode which 
can be emitted and an anode, a solute, and an organic system solvent, A nonaqueous 
electrolytic solution secondary battery containing with a molecular weight of 500 or 
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(2) 



less expressed with sulfone compounds expressed with a following genera! formula (1) 
in the above-mentioned organic system solvent, and a following general formula (3) 
aromatic compounds. 
[Formula 3] 



(Among a formula, R, and R 2 are the aryl groups which may be replaced with the alkyl 
group, alkyl group, or halogen atom which may be independently replaced with the aryl 
group or the halogen atom, respectively, and) R, and R 2 may form the cyclic structure 
which may combine with each other and may include the unsaturated bond. 
[Formula 4] 




inside of formula, and R 9 — the chain alkyl group of the carbon numbers 1-12, and the 
cycloalkyl group of the carbon numbers 5-12. Are an aryl group of the carbon numbers 
6-12, and independently R, 0 - R 14 , respectively Or a hydrogen atom, It is a halogen 
atom, a chain alkyl group of the carbon numbers 1-12, a cycloalkyl group of the carbon 
numbers 5-12, or an aryl group of the carbon numbers 6-12, and it may combine with 
each other and R 9 , and R 10 - R 14 may form cyclic structure. 

[Claim 3]In a general formula (1), R, and R 2 , respectively independently, It is the phenyl 
group which may be replaced with an alkyl group, a methyl group, or a halogen atom of 
the carbon numbers 1-4 which may be replaced with a phenyl group or a halogen atom, 
The nonaqueous electrolytic solution secondary battery according to claim 1 or 2 
which may form cyclic structure which may combine and R 2 mutually and may 
include an unsaturated bond. 

[Claim 4]The nonaqueous electrolytic solution secondary battery according to claim 3 
whose sulfone compounds expressed with a general formula (1) are a dimethylsulfone, 
diethyl sulfone, sulfolane, or 3~sulfoiene. 

[Claim 5]The nonaqueous electrolytic solution secondary battery according to any 
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one of claims 1 to 4 which sulfone compounds expressed with a general formula (1) 
contain at 0.1 to 5% of the weight of a rate of a nonaqueous electoiyte. 
[Claim 6]The nonaqueous electrolytic solution secondary battery according to any 
one of claims 1 to 5 with which with a molecular weight of 500 or less expressed with 
a general formula (2) or a general formula (3) aromatic compounds are added at 0.1 to 
10% of the weight of a rate of a nonaqueous electoiyte. 

[Claim 7]The nonaqueous electrolytic solution secondary battery according to any 

one of claims 1 to 6 with which vinylene carbonate or vinyl ethylene carbonate is 

added at 0.1 to 10% of the weight of a rate of a nonaqueous electoiyte. 

[Claim 8]The nonaqueous electrolytic solution secondary battery according to any 

one of claims 1 to 7 with which an anode contains a lithium transition metal multiple 

oxide. 

[Claim 9]The nonaqueous electrolytic solution secondary battery according to any 
one of claims 1 to 8 with which a negative electrode consists of a carbon material 
whose d value of a lattice plane (002nd page) in an X diffraction is 0.335-0.340 nm. 
[Claim 10]lt is a nonaqueous electoiyte for rechargeable batteries for using lithium 
combining occlusion, a negative electrode which can be emitted, and an anode, A 
nonaqueous electoiyte containing with a molecular weight of 500 or less expressed 
with sulfone compounds which consist of a solute and an organic system solvent, and 
are expressed with a following general formula (1) in the above-mentioned organic 
system solvent, and a following general formula (2) aromatic compounds. 
[Formula 5] 



(Among a formula, R, and R 2 are the aryl groups which may be replaced with the alkyl 
group, alkyl group, or halogen atom which may be independently replaced with the aryl 
group or the halogen atom, respectively, and) R, and R a may form the cyclic structure 
which may combine with each other and may include the unsaturated bond. 
[Formula 6] 




Re 
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(R 3 - R e are a hydrogen atom, a halogen atom, a chain alkyl group of the carbon 
numbers 1-12, a cycloalkyl group of the carbon numbers 5-12, an aryl group of the 
carbon numbers 6-12, or an aryl cycloalkyl group of the carbon numbers 11-14 
independently among a formula, respectively.) 

[Claim 1 1]It is a nonaqueous electolyte for rechargeable batteries for using lithium 
combining occlusion, a negative electrode which can be emitted, and an anode, A 
nonaqueous electolyte containing with a molecular weight of 500 or less expressed 
with sulfone compounds which consist of a solute and an organic system solvent, and 
are expressed with a following general formula (1) in the above-mentioned organic 
system solvent, and a following general formula (3) aromatic compounds. 
[Formula 7] 




(Among a formula, R s and R 2 are the aryl groups which may be replaced with the alkyl 
group, alkyl group, or halogen atom which may be independently replaced with the aryl 
group or the halogen atom, respectively, and) R, and R 2 may form the cyclic structure 
which may combine with each other and may include the unsaturated bond. 
[Formula 8] 




inside of formula, and R 9 ~ the chain alkyl group of the carbon numbers 1-12, and the 
cycloalkyl group of the carbon numbers 5-12. Are an aryl group of the carbon numbers 
6-12, and independently R 10 - R 14 , respectively Or a hydrogen atom, It is a halogen 
atom, a chain alkyl group of the carbon numbers 1-12, a cycloalkyl group of the carbon 
numbers 5-12, or an aryl group of the carbon numbers 6-12, and it may combine with 
each other and R s , and R 10 - R H may form cyclic structure. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the nonaqueous electolyte used for a 
nonaqueous electrolytic solution secondary battery and it. It is related with the 
nonaqueous electolyte for providing in detail the reliable nonaqueous electrolytic 
solution secondary battery and it which prevented degradation of the cell at the time 
of high temperature preservation. 
[0002] 

[Description of the Prior Art]In recent years, the lithium secondary battery with a high 
energy density attracts attention with the weight saving of an electric product, and 
the miniaturization. The improvement of a battery characteristic is also demanded 
with expansion of the field of application of a lithium secondary battery. As a solvent 
of the electrolysis solution of such a lithium secondary battery, For example, high 
dielectric constant solvents, such as cyclic carboxylate, such as cyclic carbonate, 
such as ethylene carbonate and propylene carbonate, or gamma-butyrolactone, What 
mixed suitably low viscosity solvents, such as ether, such as chain carbonic ester, 
such as diethyl carbonate and dimethyl carbonate, or dimethoxyethane, is used. These 
nonaqueous solvents are solvents outstanding on a battery characteristic, such as 
excelling also in the stability at the time of cell use highly [ a dielectric constant ], 
since oxidation potential is high. 

[0003]On the other hand, although use with potential high for the high stability of this 
nonaqueous solvent is possible for the electrolysis solution using the 
above-mentioned nonaqueous solvent therefore, what is called a overcharge 
phenomenon that becomes the voltage more than predetermined upper limit voltage 
conversely at the time of charge, etc. poses a problem easily. Since phenomena, such 
as ignition and a burst, can also be caused not only modification and generation of 
heat of a cell but when excessive if it becomes a surcharge, it is important to raise the 
safety of the rechargeable battery at the time of overcharge. 

[0004]As a trial which raises the safety at the time of such overcharge conventionally, 
a overcharge inhibitor is added in an electrolysis solution and the method of 
intercepting current is known. Namely, when aromatic compounds, such as biphenyl 
which has the oxidation potential beyond the upper limit voltage value of a cell, are 
added in an electrolysis solution as a overcharge inhibitor and it is in an overcharging 



condition. When the above-mentioned aromatic compounds carry out oxidative 
polymerization and form the tunic of high resistance in an active material surface, it is 
the method of suppressing overcharge current and stopping advance of a surcharge 
(for example, JP,9-106835,A etc.). 
[0005] 

[Problem(s) to be Solved by the Invention]However, the biphenyi and 
3-chiorothiophene which are the overcharge inhibitors indicated to JP,9-106835,A, 
Although the cell by which Fran etc. were added could secure the safety in the 
overcharging condition, when high temperature preservation of it was carried out by 
the usual charging state, the oxidative polymerization reaction which should advance 
at the time of overcharge advanced gradually, and it had the problem that battery 
capacity fell remarkably by resistance of the coat generated by it. 
[0006]Then, while inhibiting the reaction at the time of the high temperature 
preservation of a overcharge inhibitor and securing the safety at the time of 
overcharge, the additive agent for maintaining the performance where after high 
temperature preservation was stabilized was called for. 
[0007] 

[Means for Solving the Problem]This invention was made in view of the 
above-mentioned problem, the purpose inhibits a reaction at the time of high 
temperature preservation in a usual charging state of the conventional overcharge 
inhibitor, and it is in improving battery capacity after high temperature preservation. 
As a result of repeating examination wholeheartedly that this invention persons should 
attain the above-mentioned purpose, by combining with a overcharge inhibitor of a 
publicly known aromatic-compounds system conventionally, and using a specific 
compound, a reaction of aromatic compounds was inhibited, it found out that 
degradation of battery capacity after high temperature preservation was improvable, 
and this invention was completed. 

[0008] Namely, in a nonaqueous electrolytic solution secondary battery provided with 
a nonaqueous electolyte in which a gist of this invention consists lithium of occlusion, 
a negative electrode which can be emitted and an anode, a solute, and an organic 
system solvent, It consists without a nonaqueous electrolytic solution secondary 
battery containing with a molecular weight of 500 or less expressed with sulfone 
compounds expressed with a following general formula (1) in the above-mentioned 
organic system solvent, and a following general formula (2) aromatic compounds. 
[0009] 
[Formula 9] 
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[001 0](Among a formula, R, and R 2 are the aryl groups which may be replaced with the 
alkyl group, alkyl group, or halogen atom which may be independently replaced with the 
aryl group or the halogen atom, respectively, and) R, and R 2 may form the cyclic 
structure which may combine with each other and may include the unsaturated bond. 
[0011] 

[Formula 10] 



[0012](R 3 - R 8 are a hydrogen atom, a halogen atom, a chain alkyl group of the carbon 
numbers 1-12, a cycloalkyl group of the carbon numbers 5-12, an aryl group of the 
carbon numbers 6-12, or an aryl cycloalkyl group of the carbon numbers 11-14 
independently among a formula, respectively.) 

In the nonaqueous electrolytic solution secondary battery provided with the 
nonaqueous electolyte in which other gists of this invention consist lithium of 
occlusion, the negative electrode which can be emitted and an anode, a solute, and an 
organic system solvent, It consists without the nonaqueous electrolytic solution 
secondary battery containing with a molecular weight of 500 or less expressed with 
the sulfone compounds expressed with a following general formula (1 ) in the 
above-mentioned organic system solvent, and a following general formula (3) aromatic 
compounds. 




C2) 



[0013] 

[Formula 1 1] 
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[0014](Among a formula, R, and R 2 are the aryl groups which may be replaced with the 



alkyl group, alkyl group, or halogen atom which may be independently replaced with the 
aryl group or the halogen atom, respectively, and) R, and R 2 may form the cyclic 
structure which may combine with each other and may include the unsaturated bond. 
[0015] 

[Formula 1 2] 




(3) 



[0016]inside of formula, and R 9 — the chain alkyl group of the carbon numbers 1-12, 
and the cycloalkyl group of the carbon numbers 5-12. Are an aryl group of the carbon 
numbers 6-12, and independently R, 0 - R 14 , respectively Or a hydrogen atom, It is a 
halogen atom, a chain alkyl group of the carbon numbers 1-12, a cycloalkyl group of 
the carbon numbers 5-12, or an aryl group of the carbon numbers 6-12, and it may 
combine with each other and R 9 , and R 10 - R 14 may form cyclic structure. 
The gist of further others of this invention is a nonaqueous eiectolyte for 
rechargeable batteries for using lithium combining occlusion, the negative electrode 
which can be emitted, and an anode, It consists of a solute and an organic system 
solvent, and consists, without the nonaqueous eiectolyte containing with a molecular 
weight of 500 or less expressed with the sulfone compounds expressed with a 
following genera! formula (1) in the above-mentioned organic system solvent, and a 
following general formula (2) aromatic compounds. 
[0017] 

[Formula 13] 




[001 8](Among a formula, R, and R 2 are the aryl groups which may be replaced with the 
alkyl group, alkyl group, or halogen atom which may be independently replaced with the 
aryl group or the halogen atom, respectively, and) R, and R 2 may form the cyclic 
structure which may combine with each other and may include the unsaturated bond. 
[0019] 



[Formula 14] 




*6 



[0020](R 3 - R 8 are a hydrogen atom, a halogen atom, a chain alkyl group of the carbon 
numbers 1-12, a cycloaikyl group of the carbon numbers 5-1 2, an aryi group of the 
carbon numbers 6-12, or an aryi cycloaikyl group of the carbon numbers 11-14 
independently among a formula, respectively.) 

The gist of further others of this invention is a nonaqueous electolyte for 
rechargeable batteries for using lithium combining occlusion, the negative electrode 
which can be emitted, and an anode, It consists of a solute and an organic system 
solvent, and consists, without the nonaqueous electolyte containing with a molecular 
weight of 500 or less expressed with the sulfone compounds expressed with a 
following general formula (1) in the above-mentioned organic system solvent, and a 
following general formula (3) aromatic compounds. 
[0021] 

[Formula 15] 



[0022](Among a formula, R, and R 2 are the aryi groups which may be replaced with the 
alkyl group, alkyl group, or halogen atom which may be independently replaced with the 
aryi group or the halogen atom, respectively, and) R, and R 2 may form the cyclic 
structure which may combine with each other and may include the unsaturated bond, 
[0023] 

[Formula 16] 
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[0024]inside of formula, and R 9 — the chain alkyl group of the carbon numbers 1-12, 
and the cycloaikyl group of the carbon numbers 5-12. Are an aryl group of the carbon 
numbers 6-12, and independently R 10 - R t4 , respectively Or a hydrogen atom, It is a 
halogen atom, a chain alkyl group of the carbon numbers 1-12, a cycloaikyl group of 
the carbon numbers 5-12, or an aryl group of the carbon numbers 6-12, and it may 
combine with each other and R 9 , and R 10 - R, 4 may form cyclic structure. 
[0025] 

[Embodiment of the Invention]Hereafter, it explains to details per embodiment of the 
invention. As an organic system solvent used for the nonaqueous electolyte of this 
invention, Cyclic carbonate, such as propylene carbonate, ethylene carbonate, and 
butylene carbonate. Chain carbonic ester, such as dimethyl carbonate, diethyl 
carbonate, and ethyl methyl carbonate. Cyclic ether, such as a tetrahydrofuran, 
2-methyltetrahydrofuran, and tetrahydropyran. Chain ether, such as dimethoxyethane 
and diethoxyethane, gamma-butyrolactone, chain carboxylate, such as cyclic 
carboxylate, such as gamma-vaferolactone, methyl acetate, and methyl propionate, is 
mentioned, and it is independent about these — it is — two or more kinds are mixed 
and used suitably. 

[0026]In the nonaqueous electolyte of this invention, both the sulfone compounds 
expressed with said general formula (1) in an electrolysis solution and the with a 
molecular weight of 500 or less aromatic compounds expressed with said general 
formula (2) or a general formula (3) are contained. R, in said general formula (1) and R 2 , 
It is the aryl group which may be replaced with the alkyl group, alky! group, or halogen 
atom which may be independently replaced with the aryl group or the halogen atom, 
respectively, and R, and R 2 may form the cyclic structure which may combine with 
each other and may include the unsaturated bond. 

[0027]The alkyl group which above R, and R 2 can take is an alkyl group of the carbon 
numbers 1-4 preferably, and can specifically mention a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, etc. As an aryl group which can turn 
into a substituent of this alkyl group, although a phenyl group, a naphthyl group, an 



anthranil, etc, can be mentioned, a phenyl group is preferred. As a halogen atom which 
can serve as a substituent of an alkyl group, a fluorine atom, a chlorine atom, and a 
bromine atom are preferred. Two or more these substituents may be replaced by the 
alkyl group, and both the aryl group and the halogen atom may replace them. The 
cyclic structure which above R, and R 2 combine mutually, and form is four or more 
membered-rings, and it may include the double bond or the triple bond. As bond 
groups which above R, and R 2 combine mutually, and form, For example, -CH 2 - 
~CH 2 CH r , -CH 2 CH 2 CH r , - CH 2 CH 2 CH 2 CH 2 - -CH 2 CH 2 CH 2 CH 2 CH r , - CH=CH- 
-CH=CHCH 2 -, -CH=CHCH 2 CH 2 ~, -CH 2 CH=CHCH 2 - and -CH 2 CH 2 C**CCH 2 CH 2 - can 
be illustrated. The hydrogen atom of such bond groups may be replaced by an alkyl 
group, a halogen atom, aryl group, etc. 

[0028]As an example of sulfone compounds expressed with the above-mentioned 
general formula (1), A dimethylsuifone, diethyl sulfone, an ethylmethylsulfone, a 
methylpropyl sulfone, An ethylpropylsulfone, diphenylsulfone, a methylphenyl sulfone, 
An ethylphenylsulfone, a dibenzylsulfone, a benzylmethyisulfone, Chain sulfones, such 
as a benzylethylsulfone, sulfolane, 2-methyi sulfolane, 3-methyi sulfolane, 2 
**ECHIRU sulfolane, 3 **ECHIRU sulfolane, The halogenide of an annular sulfone and 
the above-mentioned chain sulfones, such as 2,4-dimethylsulfolane, 3-sulfolene, 
3-methy!suifolene, 2-phenylsulfolane, and 3-phenylsulfo!ane, or an annular sulfone 
can be mentioned. 

[0029]The dimethylsuifone from a field, the diethyl sulfone, sulfolane, and 3-sulfolene 
of stability within the cell of a compound are preferred also in the sulfone compounds 
expressed with these general formulas (1). The sulfone compounds expressed with 
these general formulas (1) may choose and use only one kind, and may use it 
combining two or more kinds. It is preferred that it is 0.1 to 5 % of the weight, and the 
quantity of the sulfone compounds of the general formula (1) contained in an 
electrolysis solution is more preferred if it is 0.1 to 2 % of the weight, and if it is 0.2 to 
1 % of the weight, in addition, it is preferred. When there is too much content, the 
problem of having an adverse effect on a battery characteristic may arise, and if there 
is too little content, sufficient reaction depressor effect will not be acquired. 
[0030]In this invention, the sulfone compounds expressed with the above-mentioned 
general formula (1), While a overcharge preventive effect is acquired by using together 
with with a molecular weight of 500 or less expressed with said general formula (2) or 
general formula (3) which oxidizes in overcharge potential regions aromatic 
compounds, the reaction of these aromatic compounds that happen at the time of the 
high temperature preservation in the usual charging potential can be inhibited. 



[0031]With a molecular weight of 500 or less expressed with said general formula (2) 
or general formula (3) which oxidizes in the above-mentioned overcharge potential 
regions aromatic compounds usually have the oxidation potential in the range of 
4.3-4.9V. Oxidation potential can be measured by the following cyclic voltammetry 
method here. 

[Measuring method of oxidation potential] The platinum wire with a diameter of 1 .6 mm 
which exposed only the bottom section Working pole, H type cell which made the 
lithium metaf the counter electrode and the reference pole and into which the working 
pole and counter electrode side was divided with the glass filter is used, What carried 
out 0.15 mmol/g addition of the aromatic compounds used as a sample is put into the 
electrolysis solution which dissolved LiPF 6 in the mixed solvent of the volume ratio 7:3 
of ethylene carbonate (EC) and diethyl carbonate (DEC) by the concentration of 1 
mol/L at this cell. Subsequently, the potential of a working pole is swept with the 
sweep rate of 20mV/second to the oxidation side (** side). The potential into which 
the current density of 0.5 mA/cm 2 flows at this time is specified as oxidation onset 
potential. Measurement is performed at a room temperature (near 25 **) for 
convenience, 

[0032]The oxidation potential of a compound of below 4.9V measured by the 
above-mentioned method is usually less than 4.7V preferably. When oxidation 
potential is too high, it is in the tendency for a overcharge preventive effect to 
become small. However, since a battery characteristic may usually be degraded also in 
response to the time of cell use on conditions when oxidation potential is too low, 
more than 4.4V uses [ more than usual 4.3V ] more than 4.5V still more preferably 
preferably. 

[0033]As with a molecular weight of 500 or less expressed with the above-mentioned 
general formula (2) aromatic compounds, For example, biphenyl, 2-methylbiphenyl, 

3- methylbiphenyi, 4-methylbiphenyl, 2-fluorobiphenyl, 3-f!uorobiphenyl, 

4- fluorobiphenyl, cyclohexylbenzene, 1-fluoro-2-cyclohexylbenzene, 

1 -fluoro-3-cyclohexylbenzene, 1 -fluoro-4-cyclohexylbenzene, 2-cyclohexyltoluene, 
3-cyclohexyltoluene, 4-cyclohexyltoluene, o-terphenyl, m-terphenyl, p-terpheny!, 
3-cyclohexylbiphenyl, 1 ,3-diphenylcyclohexane, 1 -cyclohexyl-3-phenyicyclohexane, 
1,3-dicyclohexyl benzene, etc. are mentioned. 

[0034]The aromatic compounds expressed with these genera! formulas (2) may 
choose and use only one kind, and may use it combining two or more kinds. As with a 
molecular weight of 500 or less expressed with the above-mentioned general formula 
(3) aromatic compounds, For example, diphenyl ether, 2-phenoxytoluene, 



3-phenoxytoiuene, 4-phenoxyto!uene, bis(2-toiyl)ether, bis(3-tolyl)ether, 
bis(4-tolyl)ether, a dibenzofuran, 2,3-benzofuran, etc. are mentioned. 
[0035]The aromatic compounds expressed with these general formulas (3) may 
choose and use only one kind, and may use it combining two or more kinds. With a 
molecular weight of 500 or less expressed with the above-mentioned general formula 
(2) or a general formula (3) aromatic compounds are 1 to 5% of the weight of ranges 
preferably [ being added at 0.1 to 10% of the weight of a rate of a nonaqueous 
electolyte ], and more preferably. 

[0036]with a molecular weight of 500 or less expressed with the sulfone compounds 
expressed with the above-mentioned general formula (1) and a general formula (2), or 
a general formula (3) aromatic compounds — in addition, if vinylene carbonate or vinyl 
ethylene carbonate is further used together, Since it not only demonstrates the 
further outstanding overcharge preventive effect and preservation stability, but 
becomes possible to also raise the cycle characteristic of a cell, it is desirable. As for 
vinylene carbonate or vinyl ethylene carbonate, it is preferred to add at 0.1 to 10% of 
the weight of a rate of a nonaqueous electolyte. 

[0037]Lithium salt is used as a solute in the nonaqueous electolyte of this invention. 
As this lithium salt, for example LiCI0 4 , LiAsF 6 , LiPF 6 , LiBF 4 , LiB(C 6 H 5 ) 4 , LiCI, LiBr, 
UCH3SO3, UCF3SO3, LiN(S0 2 CF 3 ) 2 , LiN(S0 2 C 2 F 5 ) 2 , LiC(S0 2 GF 3 ) „ LiN(S0 3 CF 3 ) 2 , etc. 
can be mentioned. These two or more sorts may be mixed and used, Also in the 
above-mentioned lithium salt, it is preferred to use LiBF 4 and LiPF 6 . 0.5-2.5 M of 
concentration of lithium salt is usually 0.75-1. 5M preferably to an electrolysis solution. 
Even if lithium salt concentration is too high and it is too low, the fall of electric 
conductivity may occur, and a battery characteristic may have an adverse effect. 
[0038]The nonaqueous electolyte of this invention can contain the ingredient of 
further others if needed. As other starting ingredients, various kinds of additive agents 
and surface-active agents for forming a tunic (SEI) in the active material surface of a 
cell can be mentioned, for example. The nonaqueous electrolytic solution secondary 
battery of this invention contains an anode, a negative electrode, and said nonaqueous 
electolyte. Although used as an ingredient of the electrolyte layer between an anode 
and a negative electrode, as long as said nonaqueous electolyte can raise the safety 
and high-temperature-preservation stability at the time of overcharge, it may usually 
be used anywhere in a cell. 

[0039]As an active materia! of the anode which constitutes the rechargeable battery 
of this invention, a lithium transition metal multiple oxide is used preferably. As this 
lithium transition metal multiple oxide, lithium manganic acid ghosts, such as lithium 



nickel oxides, such as iithium cobalt multiple oxides, such as LiCo0 2 , and UNi0 2 , and 
LiMn 2 0 4 , etc. can be mentioned, for example. The metal multiple oxide which uses 
especially lithium, cobalt, and/or nickel as an essential ingredient is preferred. These 
lithium transition metal metal multiple oxide can be stabilized by replacing some 
transition metal elements which serve as a subject with other metal kinds, such as 
aluminum, Ti, V, Cr, Mn, Fe, Co, Li, nickel, Cu, Zn, Mg, Ga, and Zr, and is preferred. Two 
or more sorts of active materials of an anode can also be used together. 
[0040]As an active material of the negative electrode which constitutes the 
rechargeable battery of this invention, although what is necessary is just occlusion 
and a substance which may be emitted about lithium, carbonaceous material is 
preferred. As this carbonaceous material, the pyrolysis thing of the organic matter in 
various pyrolysis conditions, an artificial graphite, natural graphite, etc. are mentioned, 
for example. The artificial graphite and graphitization mesophase microsphere which 
were manufactured by the high temperature heat treatment of the easy graphite pitch 
suitably obtained from various raw materials, The material which performed various 
surface treatments which contain a pitch in other artificial graphites, such as 
graphitization mesophase pitch system carbon fiber, and refining natural graphite, or 
these black lead is used. Such carbonaceous material has that preferred whose d 
value (interlaminar distance) of the lattice plane (002nd page) for which it asked by the 
X diffraction by Gakushin method is 0.335-0.34 nm, and what is 0.335-0.337 nm is 
more preferred. As for ash, it is preferred that it is 1 or less % of the weight, it is more 
preferred that it is 0.5 or less % of the weight, and it is preferred that it is especially 
0.1 or less % of the weight. As for the crystallite size (Lc) for which it asked by the X 
diffraction by Gakushin method, it is preferred that it is not less than 30 nm, it is more 
preferred that it is not less than 50 nm, and it is preferred that it is especially not less 
than 100 nm. It can mix to such carbonaceous material further, and other active 
materials which can emit [ occlusion and ] lithium can also be used for it. As an active 
material which can emit [ occlusion and ] lithium other than carbonaceous material, 
metallic-oxide materials, such as tin oxide and oxidized silicon, and also a lithium 
metal, and various lithium alloys can be illustrated. These negative pole materials may 
mix two or more kinds, and may be used. 

[0041 ]An above-mentioned anode and negative electrode usually contain an 
above-mentioned active material and binder, respectively. As this binder, 
polyvinylidene fluoride, polytetrafluoroethylene, styrene-butadiene rubber, 
polyisoprene rubber, BUDAJI ene rubber, etc. can be mentioned. Furthermore 
necessity can be accepted and conducting materials, such as carbon materials, such 



as metaiiic materials, such as copper and nickel, graphite, and carbon biack, can also 
be made to contain in an electrode. About especially an anode, it is preferred to make 
a conducting material contain. 

[0042]It is not limited in particular for the method of manufacturing the electrode of 
an anode or a negative electrode. For example, add a binder, a thickener, a conducting 
material, a solvent, etc. to an active material if needed, and it is considered as slurry 
form, It can apply to the substrate of a charge collector, and can manufacture by 
drying, and roll forming of this active material is carried out as it is, and it is good also 
as a sheet electrode and can also be considered as a pellet electrode with 
compression molding. As a thickener, carboxymethyl cellulose, methyl cellulose, 
hydroxymethylcellulose, ethyl cellulose, polyvinyl alcohol, oxidation starch, 
phosphorylation starch, casein, etc. are mentioned. 

[0043]as the charge collector which can be used for an electrode — as a negative 
pole collector — metal, such as copper, nickel, and stainless steel, or an alloy 
copper is mentioned preferably — moreover — as a positive pole collector — metal, 
such as aluminum, titanium, and tantalum, or an alloy — aluminum and its alloy are 
mentioned preferably. As for the rechargeable battery of this invention, a separator is 
usually infixed between an anode and a negative electrode. Although not limited in 
particular for the construction material or shape of a separator to be used, it is stable 
to an electrolysis solution and it is preferred as a liquid-retentive outstanding material 
to use a porous sheet or a nonwoven fabric etc. which uses polyolefines, such as 
polyethylene and polypropylene, as a raw material. 

[0044]Especially about the method of manufacturing the nonaqueous secondary 
battery concerning this invention provided with an above-mentioned negative 
electrode, anode, and nonaqueous electolyte at least, it is not limited but can choose 
suitably from the manufacturing methods of the nonaqueous secondary battery 
usually adopted. The cylinder type which was not limited in particular for the shape of 
the rechargeable battery of this invention, but made the sheet electrode and the 
separator spiral shape, It is usable in the coin type etc. which laminated the cylinder 
type, pellet electrode, and separator of the inside-out configuration which combined 
the pellet electrode and the separator. 
[0045] 

[Example] Hereafter, although the concrete mode of this invention is explained still in 
detail based on an example, this invention is not limited by the following examples 
unless the gist is exceeded. 

[Production of an anode] An anode 90 % of the weight of cobalt acid lithium (LiCo0 2 ) 



as positive active material, 5 % of the weight of acetylene black as a conducting agent, 
and 5 % of the weight of polyvinylidene fluorides (PVdF) as a binder, After mixing and 
slurring in N-methyl-pyrrolidone solvent, it applied to one side of 20-micrometer 
aluminum foil, and dried, and what was further rolled with the pressing machine was 
pierced and produced to punching punch 12 mm in diameter. 

[0046][Production of a negative electrode] A negative electrode mixes 95 % of the 
weight of black lead (0.336 nm of spacings) as negative electrode active material, and 
5 % of the weight of polyvinylidene fluorides (PVdF) of a binder in 
N-methyl-pyrrolidone solvent, After slurring, it applied to one side of copper foil of 
20-micrometer thickness, and dried, and what was further rolled with the pressing 
machine was pierced and produced at 12 mm in diameter. 

[0047] [Assembly of a cell] In the dry box of argon atmosphere, CR2032 type coin cell 
was used and the lithium secondary battery was produced. Namely, place an anode on 
a positive electrode can and a 25-micrometer porous potyethylene film is placed as a 
separator on it, After having added the electrolysis solution after having placed the 
negative electrode after pressing down with the gasket made from polypropylene, and 
placing the spacer for thickness adjustment, and making it sink in enough in a cell, the 
negative electrode can was carried and the cell was obturated. It was considered as 
the design from which the capacity of a cell becomes the charge maximum 4,2V by the 
example and a comparative example, and is set to about 4.0 mAh(s) at the discharge 
minimum 3.0V. 

[0048]Under the present circumstances, the ratio of positive-active-material weight 
W (c) and negative-electrode-active-material weight W (a), In the norma) use upper 
limit voltage of a cell, since the range which does not cause a deposit of a lithium 
metal on the negative electrode in which the lithium ion emitted from an anode 
counters was preferred, the weight was determined so that the capacity factor Rq of a 
negative electrode and an anode might be set to 1.1 <=Rq<=1.2. It asked for the 
capacity factor Rq by Q(a) W[ x] (a)/{Q(c) xW (c)}. Electric capacity per weight of the 
negative electrode active material which can carry out occlusion of the lithium to the 
maximum was made into Q(a) mAh/g, without Q(c) mAh/g and a lithium metal 
depositing the electric capacity per weight of positive active material under the 
conditions corresponding to the initial charging conditions of a cell here. The anode or 
the negative electrode was used for the working pole, they used the lithium metal for 
the counter electrode, and Q (c) and Q (a) constructed and measured the test cell via 
the separator in the same electrolysis solution as the time of assembling the 
above-mentioned cell. That is, it asked as the capacity which an anode can charge 



(discharge of the lithium ion from an anode), and capacity which a negative electrode 
can discharge (occlusion of the lithium ion to a negative electrode) with the lowest 
possible current density to the maximum potential of the anode corresponding to the 
initial charging conditions of the target fuel cell subsystem, or the minimum potential 
of a negative electrode. 

[0049] [evaluation of a cell] — evaluation of a cell — two kinds, a (i) overcharge 
examination and a (ii) high-temperature-preservation examination, — having carried 
out . 

(i) a overcharge test overcharge examination — the initial charge and discharge 
(capacity check) of (1 ) — subsequently — (2) full charge operations — it carried out 
in order of (3) overcharge examination ** further. 

[0050]In initial charge and discharge (capacity check), it charged with the constant 
current constant voltage anodizing process of 1C (4.0 mA) and 4.2V maximum. The 
cut of charge was considered as the time of a current value reaching 0.05 mA. 
Constant current performed discharge to 3.0V by 0.2C. Here, in 1 G, the current value 
which can carry out a full charge in 1 hour is expressed, and 0.2C is a current value of 
1/the 5, and 2C is the twice as many current value as this, and the current value 
which can carry out a full charge, respectively is expressed. 

[0051]Fuli charge operation was charged with the constant current constant voltage 
anodizing process (0.05-mA cut) of 4.2V maximum. The overcharge examination was 
considered as 4.99 V cuts or 3hr cut (it cuts in the direction which reached the either 
point) by 1 C. As an index which looks at the superiority or inferiority of a overcharge 
preventive effect, the coin cell after overcharge was disassembled and the bottom 
used the value for Li which remains in an anode as overcharge depth in fixed quantity 
by ultimate analysis. When the anode presentation after a overcharge examination is 
expressed as Li,Co0 2 , a surcharge will not progress but a overcharge preventive 
effect will be so high that x (anode Li ullage) is large. 

[0052]Here, it asked for x (anode Li ullage) from the number ratio of mols of Go in the 
anode for which it asked by ultimate analysis (ICP AEM), and net Li. analysis with the 
same number of mols of net Li — Lynn in an anode — also performing a fixed quantity 
of (P) and depending this on LiPF 6 — the total in an anode — it deducted and asked 
for Li mol number equivalent to LiPF 6 from Li mol number. 

(ii) a high-temperature-preservation examination high-temperature-preservation 
examination produces a cell apart from a overcharge examination — the initial charge 
and discharge (capacity check) of (1) — subsequently to the order of 
charge-and-discharge (after-preservation capacity check) ** after (2) full charge 



operations, (3) high-temperature-preservation examinations, and (4) preservation, it 
carried out. 

[0053]Inrtial charge and discharge and full charge operation were performed on the 
same conditions as a overcharge examination. The high-temperature-preservation 
examination saved the cell of a full charge state for seven days among 60 ** oven. 
After the end of a retention test, after-preservation charge and discharge were 
allowed to stand at the room temperature for 1 hour, returned the temperature of the 
cell to the room temperature, and performed constant current discharge to 3.0V by 
0.2C. It charged with the constant current constant voltage anodizing process of 1C 
(4.0 mA) and 4.2V maximum, constant current discharge was performed to 3.0V by 
0.2C, and the capacity check after preservation was performed. The cut of the charge 
at this time was considered as the time of a current value reaching 0.05 mA. 
[0054]As an index which looks at high-temperature-preservation stability, what has 
large capacity can say that high-temperature-preservation stability is high using the 
capacity in an after-preservation capacity check. 

As example 1 electrolysis solution, to the mixed solvent of the volume ratio 3:7 of 
ethylene carbonate (EC) and diethyl carbonate (DEC). It is 2% of the weight of 
concentration about cyclohexylbenzene, and what added the dimethylsulfone by 1% of 
the weight of concentration further was used for the electrolysis solution in which 
lithium hexafluorophosphate (LiPF 6 ) was dissolved by the concentration of 1 moi/l. 
[0055]Evaluation of the lithium secondary battery manufactured by said method and 
Li analysis in the electrode which disassembles the cell after overcharge were 
conducted. A result is shown in table-1. 

Evaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except having 
added cyclohexylbenzene by 2% of the weight of concentration, and having added 
diethyl sulfone by 1% of the weight of concentration as example 2 additive agent. A 
result is shown in table-1. 

[0056]Cyclohexylbenzene as example 3 additive agent by 2% of the weight of 
concentration. It is 1% of the weight of concentration about a dimethylsulfone, and 
evaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except having 
added vinylene carbonate by 2% of the weight of concentration further. A result is 
shown in table-1 . 

[0057]Evaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except having 



added the dibenzofuran by 2% of the weight of concentration, and having added the 
dimethylsulfone by 1% of the weight of concentration as example 4 additive agent. A 
result is shown in table-1. 

[0058]By 2% of the weight of concentration, for a dibenzofuran a dimethylsulfone as 
example 5 additive agent by 1% of the weight of concentration. Evaluation of a lithium 
secondary battery and Li analysis in the electrode which disassembles the ceil after 
overcharge were conducted like Example 1 except furthermore having added vinylene 
carbonate by 2% of the weight of concentration. A result is shown in table- 1 . 
[0059]Evaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except not 
having added comparative example 1 additive agent. A result is shown in table-1. 
Evaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except having 
added cyciohexylbenzene at 2% of the weight of a rate as comparative example 2 
additive agent. A result is shown in table-1. The voltage oscillation considered to be 
based on a short circuit at the time of overcharge was observed, and the apparent 
overcharge current amount became large. 

[0060]It is 2% of the weight of a rate about cyciohexylbenzene as comparative 
example 3 additive agent, and evaluation of a lithium secondary battery and Li analysis 
in the electrode which disassembles the cell after overcharge were conducted like 
Example 1 except having added vinylene carbonate at 2% of the weight of a rate. A 
result is shown in table-1. 

[0061 jEvaluation of a lithium secondary battery and Li analysis in the electrode which 
disassembles the cell after overcharge were conducted like Example 1 except having 
added the dibenzofuran at 2% of the weight of a rate as comparative example 4 
additive agent. A result is shown in table-1. The voltage oscillation considered to be 
based on a short circuit at the time of overcharge was observed, and the apparent 
overcharge current amount became large. 

[0062]It is 2% of the weight of a rate about a dibenzofuran as comparative example 5 
additive agent, and evaluation of a lithium secondary battery and Li analysis in the 
electrode which disassembles the cell after overcharge were conducted like Example 
1 except having added vinylene carbonate at 2% of the weight of a rate. A result is 
shown in table-1. 
[0063] 
[Table 1] 
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[0064]By adding both the sulfone compounds expressed with said general formula (1), 
and with a molecular weight of 500 or less expressed with said general formula (2) or 
general formula (3) which oxidizes in overcharge potential regions aromatic 
compounds from the above-mentioned table-1 , While the safety at the time of 
overcharge improves, it turns out that the reaction of the overcharge additive agent 
under high temperature preservation can be inhibited, and the degradation of a cell 
can be eased. 
[0065] 

[Effect of the Invention]St not only can raise the safety at the time of overcharge by a 
overcharge inhibitor, but according to this invention, the electrolysis solution which 
can also control battery capacity degradation after high temperature preservation is 
provided. 
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[0 0 2 9] ^iibw-ias; (i) T-S^ns^^^y 
i <d -c* t ftMj ^> Hffi -e <n % mi <d ffi t » e. ^ y 30 

^yu*uy*«ff4Lv\ rft$>0>-«st (1) xmzn 

(1) ©^^*Wt^*o*(lo. 

l-5fifi%-efc5rti5SS?4L<, 0. l~2fi*% 
■C3biitii!»*f*U<, 0. 2-1 Jt*%T*Milift*5 

[0 0 3 0] ^fff-fc^Ttt, ±^-jRS (1) "C* 

nm-i6&, (2) tfctt-fls:^ (3) xmztizft^t 

5 0 0 'T pfr h .fTTt i f~ 
[0 0 3 1 ] ±!Bi©S#*tt&fcirc»fk£;h-$ii«lB- 

J&it (2) tfctt-ftS (3) T'*$»?15 0 0 

KT^#Mt:^3ii, ^SM{i£SS4 3- 50 



#PjPJ 2003-297423 
10 

[^b«^WSi)/Eft3 jSffiS^CD^Sffi Lfcg 1 . 6 m 

i: Lfc, #777^/^ --CflMB WJ t K« f> 
HfcHSHr^ffli^T, xfi/y*-^-F (EC) 
t^f-^-#^-h (DEC) t cOfrfJfit ^ 7 : 3 
<0m£ffl&iZ. LiPF^lmol/L <7>ltST« L 

kt£% j;mm\&® % o . 1 5 m m o 1 

<AS&4rlfefL$ (WD t-2 0mV/#©Jf?[jiST?if 
CtOt^O. 5 mA/ c m* CDfl^S^ijfWl 

(2 5°CttiE) Tlf 9„ 

[0032] iiao^atio-csissns, <fc£-t>» 
gntrnfim, at 4. 9veit, &*l<«4. 7vj^ 

*5wi:iSifo5«)T?, ffit4. 3 Vi^_h. Jf*L<(4 
4. 4V«1, $fc«J*L<fi4. 5V^Jl±tt5 0 
[0 0 3 3) ±E-®S: (2) -C*^n5^*5 0 0 
$kT<D%^m\tSmhLX>&, $Rtft"7x~/K 2- 

f7s^;K 2 tT7i=yU, 3-7;Vtnt' 

7aix;W, 4-7^tot7s=/W y^P^^r-y/k^ 
y-ffy, \-y iviiu -2.-^9 v.^iK-y^s<y ^iy, 
1 3 -v"^ P^^vvy^y-tfy, 1 -7^ 

tn-4-i>'?o^ y/U^y-lf y, 2 - y ^ -y 
;^^/^a:y, 3 --y^ u^3r ; y;v f//xy, 4-y^n 
^•>/l/f./ny, 0 "?-7ji=/K m — ff — 7i- 

/u, 1, 3-v ? 7^x^-y^p^3ri^y, 1-y^n^ 

d ^ * yju^y-H y m & m if h ti 5 „ 
[0 0 3 4] rlxtW-K-a (2) -C'^^tl^^t^ft 

(3) T-^$n§5>T-»5 0 OOTWfflft^H 
X\t, Mx.rfv > 7^rL;Uoi— t/K 2-7s/^fv'h;i' 
17, 3-7x7^->l-;Hy i 4-7x/Jfyf>/l/x 

y, tr 7 ( 2 - by /I-) x-r/v, f7 ( 3 - b y /v) 
x— tvu, t"7 (4-hl)^) x— r/K '^y/77 
y, 2, 3 — ^y/7 7y^^if b^s, 
[0035] (3) ^ r ~\^ 

smt-mmmzmiRLxim lx t> i ^ u, zas 

l^±&ia^^*Tffi^TfcJ:v\ ±|E-jKit (2) £ 
fcii-i&S (3) T?^$ti5^-f-fi5 0 OWTWyflfK 

ft£-^tt, ^7K^m«M<7) 0 . 1-10 ai%^>»ii^T 
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to 03 e] ±e-)RS (i) -ca$ft5**'#Wfc£- 
W, jfctffc-tta; (2) 4fc!4~fet; (3) -eastis 

s 1 1 fr^mt ttzwjfr* u\ f - 

0 . 1-1 0Sft%»fiJ^T^jB-t-5©^&* U\, 
[0 0 3 7] *^PJ0#7K^MS^ t LTIi, 

iC10 ( , L i As Fi, L i PF Sl L i B F« , Li 
B (CHs) i, LiCl, L i B r, Li CH< S 
0., L i CFj SOj, L i N (SOiCF.)^ L i N 
(SO. Cz Fs) i, L i C (SOiCFs) ^ L i N 

(SOiCFi) iVSr^tffc rii£><©2 

a w J: * l -cffl ^"c t ± ^ 0 ±e y ^ 9 * -e 

fc, L i BF^&tTL i PF.tftffltS©^* U\, 20 
2. 5M, &£L<fi0. 75-1. 5MT'*5, D f 

[0 0 3 8] #»gi3<0#7k$«A*ifcB:, j&*£J£XT* 

ttTfi, mz.&, mmwmmmmm (sed 

i^T'tSe *?P^</)#7H^®$$:~&®!li4, Ife 
jfltti, at, JEMkMmk^mwmMWMcDf&'Ab LX 

[0 0 3 9] *|£BJ!cor^S?i^#fSt5iES©ffi#K 

ffl-rs, i£ y ^ Aiiiiipiftft t LTis, mz. 

IfL i C oO^W!) =f ^An/^I^^IMl, Li 
Id y At hXtf/Xfi= y ^ t 

^b^'-rnfi i t lit u- it* $ 4 -pf 

Hl> T i , V, C r , Mn, Fe v Co, Li, N 
i, Cu, Z n , M g , G a , Z r ^{fitO^JStttfi 

[0 0 4 0] *HK©r3!fc«B*ttf^-t5^ffi<OiS*W 
b LXiX y ^ AfcKjSXtf&lti L#5WCfetii4 
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#fc£Hf&£ f y f-WjfiSftSU&St J; o X $ ftfc A 
<2 - 1 • - 7 1 If r 1 *qf^ ' 7 

M,\ i£v ^4 - ft b «HSH~ t° fi^Jfi* «HSiM 

gftfcJcSX&Hiff-t-Jfcfcfcft^ffl (0 0 21) Wdffi 
(IMSBf) ifiO. 3 3 5-0. 3 4nraT*fc5t)^ 
*f*t<, 0- 3 3 5-0. 3 3 7 nmt'fcSfe^i: 
5ff*LV\ M^aifift%WTTfe5W^^t L<, 

o. 5**%etT-cfc5©*sj;Dif4L<, o. i ma 

BEmx*mibtcmh=f-f4 X (L c ) B3 0n m«K* 
&3CD;4W£L<, 5 0 nm^JiT-feStO^J; Uffi L 
<, 1 0 0 nm&±-e&50>#WI=&4L-V\, ZlftfeW 

^ t iw^ y ?tJ*mm • nmm^mmmKm 

{~M&LXM^5>ZbhX%Z a rIIW»^^ 
W y f - ? Sr^j^-f 5 w b ft T*f 5 = Ztlhm^m 

M®i-±z.mm$LJtzm&Lxm^xt> 
[oo4i] ±m<n~£mRu i 'kmx zfo^h, at, 
±m<Dmmt@mik%is%i-z>, mm* lt 

It * * 5 w U * L v \ 

ioo42] iEmx\t&m(nmmzmmt&-3jmc^Y^ 

Us/ h«®t1-5^tt^^5o itfe^JtLTtt, 

[0 0 4 3] WHJCffiffl-C-t t LTI4, ftffi* 

^, ff* L<l4«^*(f b*U *fc> IEM«*tLT 

u-^ *s^g $iL^ 0 ffiM-rs-fe^u-^ 
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[ o o 4 4 ] 'pte < t h±m<D%m, jEW&xf#&%n. 
Lfr/py^^-r^ vmm&w j k^v<~#% 10 

KT^ Utiles v-y yff—fj 

7°m&mmxh% 0 

[0 0 4 5] 

IS 9 El T © H Jfe^J t i o T pgj£ $ ii 5 © Tit I \ 

y=?<yj± (LiCoOi) 9 0a»%i:^*^ji LX(D 
T^f-uyzfyy? 5mm%k&mikLXCQ#}} -7v 20 
ftt'-^fy (PVdF) 5 N-^f-^f 
oyF^ltt'MLt, *7 IJ— ffcLfc^ 2 0/i 

[0 0 4 6] MeoM ftgtt, *«Jg*Wi: LT 
tDliS (SWRSO. 3 3 6 nm) 9 5 fi*% i IStffleD 
zKU 7yfct"=Ufy (PVdF) 5 N~ 

ft, 2OMm/¥30ffl&W#ffiK!fe;fiLft«U 30 

[00473 iwmuti} 7^3yn.m%<nyyj* 

y?^<HX\ CR 2 0 3 2l3^yt;^ffi||LT, !i 

i£h 'ik ill J L ! ■ 
ASiS^ftitTSte^SP Lf~ 0 HJIMfctmt 40 

$S^T'«fi»§Stt, 3t*±K4. 2 V, ^*TK3. 
0VCS4. OmAhtrftSHSI-tLfc. 
[0 0 4 8] IESffi^Mfi»W (c) iilUffi 

fefliW (a) £»tt;^l*, «&<OiIftftffi±E£ff 

SUW, JMiiiEtliWigftitRq^l. l^Rq 
fttfcRqll, Q (a) W (a) / {Q (c) W 

( C ) } -e^fefco «?fiwffl**^#{-*riS 50 
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i-sfcft I--.: mmmw^mtz.*) mMA 

Q (c) mAh/g, yf-*A4fcJS#tftti1-5ltftL 
<9©SSM£rQ (a) mAh/g>lfc„ Q (c) & 

tj<Q (a) :r, mh^'3.%M%mm\^ nm^v 

<i - 4ir ^ or r jtfe!- - ._17 .1 t^, r c/ . U f~ <7 A -f * 

[0049] cm^if-ffl mftroffff 11 ( i ) 

{ i ) iM-ft'uA^ 

SS'£7A^!±, (1) ttffl^L iVil-t-^) , »C^T- 

(2) *S*Sfcf^. Sbtw (3) SSfli^ ©KSlcff 

[0050] aiai mmm) \zm^xi-L 1 c 

(4. 0mA) , 4. 2V±moy£M%ifemHLmc£V) 

%m tfco %n.<n% v v ft, mmm> 0 . 0 5 m a^sij 

iLtHjSHfc. StfiO, 2Cf3. OV^T'S* 

Itffofc, ictftn#Pfl-r:«l-e#5m 
mi.miiL, 0. 2Cft^rcoi/5(Dl;5SfilT\ 4fc 

2C{±-t©2fffw««fii:-c, ^h^tim^nx^mwi 
[0051] mftmmmi, 4 . 2 v±ps^^s»ksi 

E?£ {0. 0 5mA*vH lei 9 ?E*Ufc 0 ii^mK 
Hft, 1CT?4. 9 9V*y hXtt3h h (if% 

fed*fttiliaLt*T?*y b) tit ismisahsai* 

<DW£*%%mWt LTit, iiSlt^^^^^^f 

[0052] ;:t\ x (IE® L iS#fi) ft^^ff 

L i W^/HScltJ: !3**fc, ES©L i ©^/^ 

ttlBI«©^*fT*jEffi^©y y (p) *n 

P,L i PFetftS-t^L i *vH»Sr^t§IV^-C*ft 

(i i) M&imnm 

(i) wMssm (ttii) , hk^x (2) ^jlV* 
ff, o) mw,m^nm, (4) \m\mm. i\m% 

[oo5 3] si^ssfcfma^ssas j p 
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>1MJX • • , I : :tffLT*?fi©SSftS 

SC1U 0. 2C-C3. OV*-t?je«jteSWtSr?To 
fc c £f>|£, 1C (4. 0mA) , 4. 2V±ffi©£lt 
i J P t / 1 ' 0 . 2 C T- 3 . 0 V s -eg* 

*il{fi^0. 0 5mAt'3iiLfcBf£ 

[oo5 4i ri?a^#^stt^ii6it^i Lxmmtk 

«»|gi:Lr, xfl/y^-^-h (EC) <tv^ 
(DEC) Wf*«J±3 : 7K>i&£»SE 

tc, i y y h/M©**-?*? y ft y ygt y f- •> a 

(L i PF.) £&#£tffcm^K'>*e^*'>^ 
y -if y ft 2 fi*% t 5 , $ ib H ^ fvi^ynfc y ft 

i a*% r» l fc t <& & v ^ fc 0 
[0055] mtzmz j: 5 «tit tfc y f - 

CDfFffi, fc£t/l#«#0*&fc£fcLT©«£#©L 20 
»J2 

fflSiraflj i L r y * ^ * y;w< y-f? y ft 2 mt%<omm 
■c, ^fvu^/^y ft i fi*%0>*£-C8Sflq Lfc r t 

^fiss^j i t mmt lt, y ^ ^n&it^ff 

tfs fc^ViiSm^^m^ft^L-CWttli^coL 
ffftfrofc 0 lfc^-f . 

[0 0 5 6] &Sfe0!l 3 
SfsAPftJi LTv-y n^y/y<y-tryft 2 
T\ vVfvl^/i^yft 1 il%©^lt"?\ J^ict- 30 
y y * - - h ft 2 11:% ©*£-C«SflP L fc 1 1 

ammmi twim^Lx, y^^z^am^fftu *s 

[0 0 5 7] HJSfi 4 

Ssflngfli Lt / 7 7 2 Ii%©MT\ 

nmi tmmz t-c, yf-i7^r^Bft»ffii, jut* 

fc 0 ^HftS-li'^t. 40 
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ioo58] ^ mm 5 

t LT ^ y / 7 7 > ft 2 fift%<D«ST\ v?pt 
fvL^A-^yft ^feicif-yy*- 

b ft 2 sfi%eD»gr*as*o tfc c t ummmm 

n&<Dmm%m$hX(Dmm<wn J i^fttfofc 0 b 
1 tw^-t. 

[0 0 5 9] jtHtft 1 
g»]ftftl;t^ofcC fcliWiSM'j 1 L 

t, y f-^r&mwim ^i^iismftweftft 

«*L-CcD*tt^(DL i ^flfftff^fc 0 1 K 

JtttW2 

S3&PSI tLt^n^ y;W<y-tr y ft 2 S*% (DfiJ^ 
SifOL i^tfftffofc, ^f:ft^- 1 i^^1~ 0 
[0 0 6 0] ttdm 3 

i^jp^j Ht^n^ y-e' y ft 2 a*%«f 'i-a- 

T\ 4 fc If - y y * h ft 2 fiS% »f ]#T fflSJlP 

Ltzztwtmmmitmm^Lx, yf-^z&it 
l i ^ffftffofc 0 it*ft*- 1 tmi: 

[0 0 6 1 ] ttRW 4 

«jp»i iit^y/77^2 lfi% tDf ij^-e^q u 

*3itFii*mtW«mfti?*LX£OSffi^£7)L 

! : Sff&i- J: o t f.ijJi S ^Eiia^ftffl $ E^^t ^ 
[0 0 6 2] ttUcflSJ 5 

isWJi: L-cy^yyyyyft 2mm%<r>m^x\ 
f = uy*-iK^ h ft 2 fi»%of J^-eS^Jp Lfcr t 

IE, *;J;u^?5'lt(?ri?ift«f$LT«mii^wL i ft 
m ftffofc 0 fe*ft*- 1 l=iijrj\ 
[0 0 6 3] 

tan 



(10) #12 0 0 3- 2 9 7 4 2 3 

17 18 
*-l 







warns. 


«JHSI3 


in LixCoOa 


(mAh/g) 








ML 


0.275 


110.0 








ML 


0.273 


107.4 










0.298 


110.1 








ML 


0.260 


103.6 










0.272 


107.9 




ml 


ML 


ML 


0.163 


106.1 


tt*«2 




ML 


ML 


0.231 


100.2 


lfc*W3 




ML 




0.253 


104.9 




yyy 


ML 


ML 


0.220 


98.5 




~7Ts 


ML 




0.238 


102.1 



[0 0 6 4] ±|ES- 1 =t 9 , ( 1 ) 

la-jRit (2) Sfcti-JRS: (3) x-mzri&ft-J-Ms 



[0 0 6 5] 

s ©S^tt S: si ± * * 5 r t a« -e 1 5 -e* < , 
i9?«;»t-£ft5 a 



(72)3g|q# it- F 5H029 AJ04 AJ12 AK03 AL06 AM03 

»mflMW4^AT B 3 # 1 % AM05 AJ107 BJ03 BJ27 DJ16 

zm<m*.%m °J 17 EJ 11 HJ01 HJ02 HJl3 

5H050 AA03 AA10 AA15 BA17 CA08 
CB08 FA17 FA19 HA13 



